Objectives-To examine, by ultrasonography the prevalence of thyroid nodules in a cross sectional study of male medical workers occupationally exposed to x radiation at the Pisa hospital, in comparison with controls matched for age and sex.
Methods-50 male medical workers exposed to radiation were randomly matched for age (±2 years) with 100 male workers not occupationally exposed to ionising radiation who lived in a slightly iodine deficient area of Tuscany (Lunigiana) (control group 1), and with 100 male workers not exposed to radiation who lived in the same area (Pisa) (control group 2). Results-Of the occupationally exposed subjects, thyroid nodules were detected in 19/50 (38.0%). Among controls, thyroid nodules were detected in 19/100 subjects of control group 1 and in 131100 of control group 2. Comparison of exposed and control groups, stratified into 30-39, 40 -49, and 50-59 year old age subgroups, showed a higher significant relative risk for thyroid nodules in the exposed subjects. Conclusion-The results suggest that occupational exposure to radiation may be a risk factor for thyroid nodules.
(Occup Environ Med 1995;52:500-504) Keywords An increased prevalence of thyroid cancer and nodules in relation to short term, high dose exposure to ionising radiation has been found, mainly in infants and adolescents. 4There are only a few studies on the effects of long term, environmental or occupational low dose exposure.5 8 The aim of this study was to evaluate the prevalence of nodular thyroid disease in medical workers occupationally exposed to x radiation.
Patients and methods
The prevalence of nodular thyroid disease was evaluated cross sectionally by ultrasonography in subjects occupationally exposed to radiation who worked in the health service of Pisa, and was compared with control subjects matched for age and sex not occupationally exposed. We selected a control group of workers (group 1) from a slightly iodine deficient area of Tuscany (Lunigiana), and a second control group (group 2) from the same area as the exposed group (Pisa).
OCCUPATIONALLY EXPOSED SUBJECTS
The occupationally exposed men included in the study were registered in the list of the radioprotection service of the USL-12 (Pisa) on 1 September 1992, and employed in the units of orthopaedics, haemodynamics, interventional radiology, and radiotherapy (n = 90). We have chosen these units because it is known that the exposure to x radiation is generally heavier than in other units involved with x rays. The mean (SD, range) cumulative dose was 67-2 (96-0, 3 6-690 0)mSv. The variability was extremely high. Furthermore, the dosimetric data were not reliable for the following reasons: (a) the hospital file of data until 1975 is missing; (b) the method of measurement of exposure was not uniform until 1975; (c) from 1975 to 1980 a uniform method of measurement of exposure was used; and (d) the method of measurement of exposure was changed again in 1980.
For these reasons we have preferred to adopt an occupational criterion, and we selected those subjects who had occupational exposure of more than 10 years (we have chosen 10 years because other studies have reported that the mean latency time for the comparison of thyroid pathology from the first exposure to radiation is more than 10 years 3; also because it seems long enough to achieve an effective cumulative dose).
Of the 90 subjects, 59 fitted these reported criteria. They were examined in our unit from September 1992 to June 1993. Of these occupationally exposed subjects 28 (47%) worked in orthopaedics (six technicians, 13 hospital attendants, nine physicians), 10 (17%) in haemodynamics (five technicians, four hospital attendants, one physician), 21 (36%) in interventional radiology or radiotherapy (16 technicians, one hospital attendant, four physicians) of the hospital of the USL-122, Pisa. The mean (SD, range) age at the time of the start of the occupational exposure was 24-8 (4-9, 18-40) years. The mean (SD, range) duration of the occupational exposure was 22 (6-0, 10-39) years.
CONTROL GROUP 1
A control group was made up of 130 men with a duration of employment of more than 10 years at a shipyard factory in an iodine deficient area (Lunigiana),9 '°without known occupational exposure to radiation.
For each subject exposed to x radiation two unexposed workers were randomly selected, matched for age (±2 years). Fifty exposed subjects (mean (SD, range) age 46-7 (5.5, 33-56)) years, and 100 unexposed subjects (mean (SD, range) age 46-2 (5-4, 33-57)) years, could be coupled, but nine exposed and 30 unexposed workers were excluded because they were not matchable for age.
The background exposures are 0-8 mSv a year both in Lunigiana and in Pisa.
CONTROL GROUP 2 A second control group was randomly obtained from 138 men-technicians and clerks-who came to our attention from January to May 1994 for periodic examinations prescribed by the local occupational medicine service. They fitted the following criteria: (a) duration of employment more than 10 years; (b) no known occupational exposure to radiation; (c) no occupational exposure to other substances or agents known to be toxic to the thyroid.
One hundred unexposed workers (mean (SD, range) age 47-6 (6'3, 31-59)) years were randomly selected, and were matched for age (±2 years) with the same 50 subjects exposed to x radiation. All volunteers for both groups gave their informed consent to take part.
QUESTIONNAIRE AND PHYSICAL EXAMINATION
All volunteers completed a questionnaire on family history of thyroid diseases, their history of residence in iodine deficient areas, their health, the use of frequent radiodiagnostic procedures (no more than two chest radiographs a year) or radiotherapeutic procedures in the past, the type of work and of radiation exposure, the use of radioprotective devices. All volunteers were physically examined and thyroid ultrasonography was performed. In patients with thyroid nodules with a diameter of > 1 cm, ultrasonographically guided fine needle aspiration was performed by the same operator with a "free hand" method. Before biopsy the transducer was thoroughly cleaned with alcohol and sterile gel was used as the coupling agent. The calibre of the needles used ranged from 21 to 22 gauge. As one hand takes the syringe, the other hand is free to hold the ultrasound transducer, and the needle position can be continuously seen throughout the insertion and during the actual biopsy. The material is subsequently fixed and stained with a modified Papanicolau technique.
LABORATORY EVALUATION
Laboratory determination of thyroid function was performed in all subjects of the occupationally exposed group and in subjects of the control groups who had thyroid nodules. Serum thyroxine (T4) and triiodothyronine (T3) were measured directly by radioimmunoassay (RIA) (ARIA HT; Becton Dickinson). Serum thyroid stimulating hormone (TSH) was evaluated by RIA 
Results

QUESTIONNAIRE
Among the occupationally exposed subjects, none had previously received radiotherapy treatment, and none had ever been submitted to frequent (not more than two chest radiographs, or equivalent procedures a year) radiodiagnostic procedures. Four subjects (8%) had a family history of thyroid disease, and only six of 50 (12%) had a history of residence in iodine deficient areas for 10 years or more.
Among the control subjects of group 1, none had been treated with radiotherapy or had been submitted to frequent radiodiagnostic procedures. Twenty six (26%) subjects had a family history of thyroid disease. Everybody had a history of residence in iodine deficient areas for 10 years or more.
Of the control subjects of group 2, none had been treated with radiotherapy or had been submitted to frequent radiodiagnostic procedures. Ten (10%) subjects had a family history of thyroid disease. None had a history of residence in iodine deficient areas for 10 years or more during the study period or in the past.
THYROID NODULES
Among the occupationally exposed subjects, thyroid nodules were detected in 19 (38%) subjects (mean (SD, range) age 46-0 (6-2, 33-56)) years. Among the subjects with thyroid nodules, eight (42%) worked in orthopaedics (two technicians, three hospital attendants, three physicians), two (10-5%) worked in haemodynamics (two technicians), nine (47 4%) in interventional radiology or radiotherapy (seven technicians, two physicians). In 12 cases (63 2%) we found single thyroid nodules and in seven (36 8%) multinodular goitre. In 10 cases (52 6%) we found at least one nodule with a diameter of > 10 mm and in nine (47 4%) nodules with a diameter between 5 and 10 mm. Fine needle aspiration was negative for thyroid malignancy. Free T3 and T4 were in the normal range in all subjects with thyroid nodules. Thyroid scintigraphy showed a hyperfunctioning nodule in one case (5 3%); in this subject TSH was suppressed (TSH < 0 07 ,uU/ml), which suggested a diagnosis of pretoxic adenoma. All the other patients had normal concentrations of TSH.
Among the control subjects of group 1, thyroid nodules were detected in 19 (19%) subjects (mean (SD, range) age 48-3 (5-2, 38-56) years). In 10 cases (52 6%) we found single thyroid nodules and in nine (47 4%) a multinodular goitre. In 10 cases (52 6%) we found at least one nodule with a diameter of > 10 mm and in nine (47-4%) nodules with diameters between 10 and 5 mm. Fine needle aspiration was negative for thyroid malignancy. Free T3, T4 and TSH were in the normal range in all subjects with thyroid nodules. Thyroid scintigraphy showed no hyperfunctioning nodules. After the matching procedure, the ages of the occupationally exposed group and the control groups were not significantly different (ANOVA). The ages of subjects with nodules in the exposed and the non-exposed groups were not significantly different. The control group 1 had a significantly higher prevalence of family history of thyroid diseases and history of residence in iodine deficient areas than the control group 2 and the group exposed to x radiation. The comparison of prevalence of thyroid nodules in each age class between the two control groups showed a higher prevalence (not significant) in group 1 (from the Lunigiana iodine deficient areas). The prevalence of thyroid nodules was significantly higher in exposed subjects than in both control group 1 (x2 5-39; P = 0-02) and control group 2 (X2 10-97; P = 0 0004). The prevalence of thyroid nodules in the age groups 30-39, 40-49, and 50-59 was higher in subjects exposed to radiation (tables 1 and 2). The relative risk for thyroid nodules was very high but not significant in the age group 30-39, it was high and significant in the age group 40-49, and close to 1 in the age group 50-59 in subjects exposed to radiation compared with control group 1 (table 1). Furthermore, for three levels of occupational exposure (non-exposed; duration of occupational exposure from 10 to 19 years, or more than 20 years), Mantel-Haenszel relative risk weighted for age proved to be significant for subjects with > 20 years of work (2'00; 95% confidence interval (95% CI) 1-16-3-43), and it was high but not significant for subjects with exposure of between 10 and 19 years (1-80; 95% CI 0-66-4.94) compared with control group 1. The relative risk for thyroid nodules, from the comparison between exposed subjects and control group 2, was high and significant in the 30-39 and 40-49 year age groups, and high but not significant in subjects of 50-59. Both the total crude relative risk and the Mantel-Haenszel weighted relative risk were significant (table 2) . Furthermore, for the three levels of occupational exposure (non-exposed; duration of occupational exposure of 10-19 years; or , 20 years) Mantel-Haenszel relative risk weighted for age was significant for subjects with >,20 years of work (2-86; 95% CI 1-56-5-25) and was high but not significant for subjects with exposure of between 10 and 19 years (2X71; 95% CI 0 92-7 09) compared with control group 2.
Discussion Only a few studies have evaluated the effects of long term, low dose exposure on the thyroid.5 8 Most of these found a high prevalence of thyroid cancer and nodules in subjects occupationally exposed to radiation.
Kendall et al conducted a retrospective cohort mortality study in radiation workers from major sites of the nuclear industry (62% of the workers had a lifetime dose < 10 mSv, and only 9% had a lifetime dose > 100 mSv), and showed a high prevalence of thyroid cancer. 8 In a retrospective study of hospital records of 27 011 medical diagnostic x ray film workers in China, Wang et al found a high prevalence of thyroid cancer. 12 Boice et al, in a retrospective survey on the American Registry of Radiologic Technologists found a high prevalence of thyroid cancer and nodules in sanitary personnel exposed to radiation'; the prevalence of thyroid nodules was lower than that found in our study, but their data only referred to clinically evident conditions, shown by a questionnaire, whereas our data were obtained by ultrasonographic evaluation of the neck. Furthermore, the studied population was not homogeneous for the extent and duration of exposure and dosimetric data were available for only about 20% of the studied population, so it is difficult to make a comparison with our data.
Andersson et al in a retrospective survey from the Danish Cancer Registry, have not found an increased risk for thyroid cancer in 4151 subjects from radiotherapy personnel in Denmark compared with the general population.7 For others5 6 8 12 and in our study, however, the cumulative dose of radiation exposure was low (mean 1 8-4 mSv; 61% < 5 mSv) and the duration of exposure was brief (61% < 3 years, 23% 3-5 years, and only 15% > 5 years).
Fraser et al studied workers both with and without exposure to radiation, and found a higher prevalence of thyroid cancer in the non-exposed group. 13 In our study the prevalence of nodular disease of the thyroid has been studied cross sectionally by ultrasonography in men exposed to radiation for > 10 years through medical occupational exposure compared with age matched non-exposed controls.
It is well known that the main risk factors for thyroid nodules are female sex, old age,'4 and iodine deficiency.'5 The severity of iodine deficiency may be very different from one area to another in the same region-for example, Tuscany.9 10 16 Moreover, in the same area iodine deficiency has been changing over the past decades, so the actual prevalence of thyroid goitre and urinary iodine excretion often does not reflect the severity of iodine deficiency in the past.'7 For these reasons, although it is relatively simple to match subjects exposed and not exposed to x radiation for age and sex, it is very difficult to match patients for the personal history of residence in iodine deficient areas. As in many other towns of Europe, many people came in the past from the surrounding rural areas to work and live in Pisa; so we had to expect that some exposed workers could have been resident in the past in iodine deficient areas of Tuscany.
In fact six (12%) exposed subjects had lived in iodine deficient areas of Tuscany for more than 10 years and others for shorter periods. For these reasons, at first we selected a control group of workers (group 1) from a slightly iodine deficient area of Tuscany (Lunigiana) where the mean urinary iodine excretion is about 49-8 4ug/day,9 10 and the prevalence of clinically evident goitre in children between eight and 14 years of age is 56%.9 "°Later we decided to match the exposed subjects with a control group from the same area (Pisa, group 2), where the mean urinary iodine excretion is about 88 ,ug/day9 and the prevalence of clinically evident goitre in children between eight and 14 years of age is 5-6%. 16 The number of subjects with a familial history of thyroid disease is high in the nonexposed group 1. This reflects the presence of endemic goitre in the Lunigiana area due to iodine deficiency.9 10 Endemic goitre is well known to be an important risk factor for thyroid nodules,'5 and it is not present in the Pisa area where the exposed group works. The comparison of the prevalence of thyroid nodules between the two control groups shows a higher prevalence in group 1 that is due to the iodine deficiency in the Lunigiana area. The absence of a significant difference for age between the exposed group and control groups (due to matching) and the higher prevalence of familial history of thyroid disease and of history of residence in iodine deficient areas in the non-exposed subjects should suggest a higher prevalence of thyroid nodules in that group.'7 On the contrary, the prevalence of thyroid nodules was significantly higher in exposed subjects. The prevalences of thyroid nodules in the 30-39, 40-49 and 50-59 year old age groups are higher for each age class in men exposed to radiation than in the non-exposed groups, especially in young men. This suggests that thyroid nodules appear at a younger age in the subjects exposed to radiation. The risk is higher in the subjects exposed to x radiation when compared with the control group from Pisa than with the control group from Lunigiana, because of the absence of iodine deficiency in Pisa. The risk seems to be higher in the younger age groups even if, owing to the small numbers of subjects in each age group, it is not possible to say that the differences among the age groups are significant.
In conclusion, our study suggests that long term, low dose, occupational exposure to radiation may be a risk factor for thyroid nodules. Thyroid nodules may be regarded as clinical markers of radiation exposure and from experimental studies suggestive of a progression from thyroid nodules to thyroid cancer in animals exposed to radiation.'8 It is necessary, therefore, to perform accurate medical surveillance to prevent this problem in the workers occupationally exposed to radiation.
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